The cereal, oilseeds, and protein crop sector (COP) occupies a prominent position within the European Union's agricultural sector. Within Spain, the COP sector accounts for almost a third of total Agricultural Guidance and Guarantee Fund expenses, and a half of the utilized agricultural area. The COP sector is not only relevant because of its physical and economic magnitude, but also because of the political attention it receives.
market price supports for COP crops (European Commission, 2007) . The negative effects from price changes on farming incomes were compensated with area payments.
In order to be eligible for these payments professional farmers were required to set aside a fixed percentage of program crop areas and were granted a set-aside compensatory payment. A voluntary set-aside in addition to the compulsory one was also allowed and granted compensatory payments.
The area payments that had already been introduced in 1992 were not a fully decoupled measure since they were still tied to farmers' production decisions. 3 As noted by Serra et al. (2005) , although these payments do not reward an increase in yields, they do not allow full planting flexibility to farmers and thus they are expected to affect production decisions. However, because these payments are only partially decoupled, their impacts on farmers' decisions should be smaller than the impacts of price supports.
Previous analyses on the effects of the CAP reforms provide empirical support on this hypothesis (Oude Lansink and Peerlings, 1996; Moro and Sckokai, 1999; Serra et al. 2005 ).
The changes involved with CAP reforms may have altered farmers' production decisions. A reduction in price supports in favor of partially decoupled payments can motivate a more extensive use of land, which may involve a reduction in input use, or a change in the types of inputs employed in favor of cheaper alternatives. It is also possible that farms alter crop mix in response to policy reforms. In this regard, setting land aside becomes an attractive alternative for less fertile land plots. It is also possible that changes in production decisions alter farm technical efficiency.
Our study assesses the impacts of Agenda 2000 on production decisions and production efficiency for a sample of Spanish COP farms. This analysis is based on an unbalanced panel of farm-level data. We utilize a frontier estimate of a distance function that accommodates multiple inputs and outputs. The distance function allows for estimation of a farm's deviation from the distance function frontier and permits an assessment of the effects of the reform on technical efficiency. It also allows for analysis regarding the impacts of policy reforms on the crop mix as well as on the use of agricultural inputs. Although previous analyses focused on the effects of the CAP reforms (see Serra et al., 2005; Oude Lansink and Peerlings, 1996; Moro and Sckokai, 2006; and OECD, 2006) , no previous studies have used a distance function to assess the impacts of decoupling of farm production decisions.
The following section presents an overview of the Agenda 2000 CAP policy reform and is followed by a presentation of the theoretical framework. The next sections discuss the econometric specification and the empirical application. This is followed by the presentation of results and concluding comments.
An overview of Agenda 2000 reform
In 1997, the European Commission made CAP reform proposals. The European
Council then agreed on the policy in March 1999, known as the Agenda 2000 (Ackrill, 2000) . Agenda 2000 was built on the principles established by the 1992 CAP reform.
Reforms occurring during the 1990s were in response to EU's CAP internal and external challenges, the first one being the increase in worldwide agricultural production, which caused falling international prices. EU prices traditionally maintained high levels compared to world market prices through widespread use of price-support mechanisms. This intervention had the objective of ensuring a fair standard of living for farmers, but often led to production surpluses that were usually sold at subsidized prices in international markets. The measures introduced by CAP reforms in the 1990s reduced cereal institutional prices and abolished institutional pricing of oilseeds and protein crops. To compensate producers for their income reduction, an Arable Area Payments Scheme based on historic regional yields was introduced in 1992 and reinforced with the Agenda 2000. Eligibility to receive these payments was contingent upon setting aside part of the eligible land. Fields set aside could not be used for any commercial purpose, with the exception of the production of non-food crops.
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Direct payments for set aside land were also introduced in 1992 and fixed at the same level as arable land payments. Initially, the set aside instrument was a measure to tackle excess production. With the participation in the Arable Area Payments Scheme being voluntary, compensatory payments were made to induce farmers to withdraw land from production (Roberts et al. 1996) . In the first year after the 1992 reforms, farmers who seek compensatory payment -except for small producers 5 -participated voluntarily to set aside 15% of their arable land. The Commission could adjust annually the percentage of compulsory set aside on the basis of forecasts of market developments 6 .
The Agenda 2000 mandated 10% of the arable land be set aside and allowed for a voluntary set aside amount up to another 10%. The voluntary set aside program allowed producers to retire more land than under strict compulsory 7 and still receive the corresponding compensatory payments. Small scale farms were exempted from the setaside obligation.
Econometric framework
Many studies assuming a multiple-output technology have used a dual cost function or have aggregated the multiple outputs into a single index. This index can be viewed as a multilateral superlative index (using a Tornqvist 8 or Fisher index) or simply aggregate revenue. While the first approach requires an assumption of revenue 7 maximizing or cost-minimizing behavior, which presupposes the availability of price information, the second can lead to aggregation problems.
Other recent studies, based on a parametric frontier approach, model a multiple output production technology using an input requirement function, where inputs (single or aggregate) are expressed as a function of outputs (Gathon and Perelman, 1992) ; or, an output/input-oriented distance function (Lovell et al., 1994; and Perelman, 1996, 2000) that uses multiple outputs and inputs. An output-oriented distance function is used in this study.
The output distance function is an output-expanding approach to the measurement of the distance between a producer and the boundary of production possibilities. It yields the maximum amount by which an output vector can be inflated with a given input vector (Kumbhakar and Lovell, 2000) . For multiple outputs and multiple inputs the output distance function, introduced by Shephard (1953 Shephard ( , 1970 ) is defined as:
where y denotes a non-negative vector of outputs, ( ) , x R Ρ describes the sets of output vectors that are feasible for each input vector x, given the external factors vector R.
Parameter λ is the scalar "distance" by which the output vector can be inflated.
( , , )
D y x R is homogeneous of degree one in outputs, is a convex function of y, nonincreasing in each input, and is nondecreasing in each output. The output vector is an element of the feasible technology set such that P(x, R), 0 ( , , ) D y x R ≤ 1. If the output vector is located on the outer boundary of the production possibility set, the distance function will take a value of unity (Lovell et al., 1994) .
Following the seminal papers of Debreu (1951) and Farrell (1957) , firm efficiency can be defined and measured as the distance of its actual performance from a frontier. The distance function provides radial measures of the distance from the output bundle to the boundary of the production technology. The relationship between the distance function and radial technical efficiency is given by:
where u is a vector of independently distributed and nonnegative random disturbances that provide a measure of output-oriented technical efficiency, e is the exponential function, β is a vector of unknown parameters to be estimated, and 1 ) 
Econometric specification
The specification of an error component implies the model takes on a stochastic production frontier perspective as initially developed by Aigner, Lovell and Schmidt (1977) and Meeusen and van den Broeck (1977) To empirically estimate our model, we assume that the distance function can be approximated by a translog specification. This functional form has the advantages of flexibility, homogeneity is easily imposed and it is linear in the parameters (Lovell et al., 1994; Grosskopf et al., 1997; Coelli and Perelman, 2000) . 
Assessment of the impacts of the CAP reform
As described above, the 1990s CAP reforms involved a reduction in price support measures in favor of area payments. While eligibility for area payments was conditional on compulsory set aside, voluntary set aside was also allowed. In our analysis we distinguish between two outputs, COP production and voluntary set aside, in order to assess whether decoupling measures have reduced farmers' incentive to produce in favor of retiring land. A set of different inputs described in the empirical implementation section are also considered to determine the impacts of the reforms on agricultural input productivity and use. Finally, we are also interested in assessing the impacts of the reforms on the efficiency with which farms operate.
From the output distance function we can calculate a series of first and secondorder elasticities of 0 D that permit us to evaluate the impacts of policy measures on the aspects of interest; e.g., marginal productivity of inputs, input composition, output composition and efficiency (Morrison et al., 2000) . The overall reform impact on production is measured through the first-order elasticity, R y, ε , where
such that R is a dummy variable equal to 1 after the reform and equal to zero for the period before the reform. The elasticity in (6) measures the productive impact of a policy reform, i.e., whether a reform causes any shift in the production possibility frontier (PPF). A policy reform, however, may not only involve a change in total output, but it may also impact the crop mix, input use and input mix. Second-order input and output elasticities allow for an evaluation of these other issues.
The output elasticity for each input, x k , can be defined as follows:
where , y k ε represents the percentage change in output y, due to a unit increase in input k. Using equation (7), we decompose , y k ε into its second-order components:
The four components of the , 
This measure reflects the shape of the PPF when the factors of production are used to their full potential. The greater the quantity of y produced, the less the production of the other output (y m ). This measure is used in the output distance function to reflect the shadow value through the (y, y m ) space.
Second-order elasticities of (9) 
Empirical implementation
The output distance function is estimated using a sample of 2,474 COP farms We estimate a translog distance function with two outputs and five inputs, augmented by a reform variable to account for the policy impact. The two outputs that we define represent the revenue from COP crop production, y, and the revenue generated from voluntary set aside, m y , respectively. As noted, the distinctions between these two outputs allow us to assess whether decoupling measures have reduced farmers' incentive to produce in favor of retiring land.
FADN does not register the voluntary set aside payment; only a single variable
including total (voluntary and compulsory) set-aside is available. We estimate this magnitude at the farm level by concentrating on professional producers defined as farms that have a COP area greater than or equal to 20 ha. As can be shown in Figure 1 , professional farms account for about 90% of total COP area in Spain. Professional producers cannot receive area payments unless they comply with the compulsory set aside rules.
We estimate the obligatory set aside area by applying the percentage of compulsory set aside (see footnote 9) to COP area. The total set aside area provided by FADN data set minus the estimated compulsory set aside area give us the approximate voluntary set aside area. If the estimated value exceeds the maximum value (see also footnote 9), we replace our estimate with the maximum value. Figure 2 shows the average take up of voluntary set aside across farm sizes in Spain. As can be observed, voluntary set aside has accounted for 4.5% of total COP area being this percentage slightly higher in smaller farms.
Finally, we estimate the voluntary set aside payment 10 by applying the following formula:
where m y is the estimated voluntary set aside payment (expressed in 1995 €), a S is the estimated voluntary set aside area (ha), Y is the regional yield (tonnes/ha) applied to determine the set aside payment 11 , and P is the voluntary set aside payment (€/tonnes).
Input variables are labor ( L x ), defined as total hours spent on farm work, expenditure on fertilizers ( F x ), pesticides ( P x ), and other inputs such as seed costs and farming overheads ( I x ). The total area allocated to COP production and set aside defines the land variable LND x . The policy reform variable is incorporated into the translog function specification by using a dummy variable that is equal to zero before 2000 and equal to 1 otherwise (R). An additional dummy variable is included that is equal to 1 if the farm is located in a less favored area (LFA) and 0 otherwise. (Lambarraa et al., 2007) , as family labour is more relevant in small, less competitive farms, it may be associated to a higher level of inefficiency.
Summary statistics for the variables of interest are presented in Table 1 aside, a result that is expected and suggests that decoupling policies provide incentives that compensate for setting aside some (presumably low yielding) land. 12 Input use increased throughout the period studied; pesticides, other costs and fertilizers increased from the pre-to-post reform period by 10%, 9% and 19%, respectively. Total area, however, decreased by 2% in the post reform period. This decrease is the result of a 2.7% decrease in COP area which was not compensated by the 81% increase in the voluntary set aside area. Table 1 also shows that 60% of the farms in our sample are located in less favored areas, the average age of farm operators is 49 years old, and family labor represents 89% of total labor used in production.
Results
The results from the translog distance function estimation are presented in Table   2 . Most of the coefficients are found to be significant at the 1 % level. For output, the negative parameter of m y (voluntary set aside payment) reflects the shape of the PPF.
This shape shows an efficient combination between COP production and voluntary set aside and illustrates the principle of increasing cost. As more COP product is produced Thus, farms may respond to a decline in price supports by reducing the efficiency with which operate, a result that is compatible with a reduced motivation to produce efficiently given the lower income derived from producing (Serra et al., 2008) 13 .
To better interpret parameter estimates and determine the influence of the Agenda 2000, we calculate the elasticities detailed above. Results are presented in Tables 3 and 4 . Output elasticities with respect to labor, land, other input costs and fertilizers have the expected positive sign, whereas the output elasticity with respect to pesticides is negative. Other input costs are the most productive input followed by labor, fertilizer and land.
14 The reform-related component of the labor input elasticity suggests that Agenda 2000 had a positive impact on labor productivity (Table 3) . Conversely, the marginal productivity of fertilizers, pesticides, other inputs, and land decreased in response to policy changes. Changes in input productivity are associated with changes in input composition involving an increase in the quantity of labor to the detriment of land, fertilizer, pesticides and other input quantities. It is important to recognize that our sample farms mainly use family labor which is generally unpaid and thus involves an opportunity cost, not a direct cost. Hence, farms are changing input composition in favor of an increase in opportunity costs to reduce direct costs in other inputs.
The first order elasticity, , y m ε reflects the shape of the production possibility frontier. In Table 4 , we can see that the tradeoff between COP production and voluntary set aside is about -0.96 through the period studied, implying that an additional percentage of COP produced leads to a 0.96 percent decline in set aside. Based on parameter estimates presented in table 2, the policy component of this elasticity shows an increased share of voluntary set aside on total production as a response to Agenda
2000.
The impact of reform on overall production or productivity is measured by R y, ε and is presented in the second section of Table 4 . The global policy impact of the reform is negative, which suggests that the PPF shifts inward after reform (γ R ). The components of the R y, ε indicate that the impact of reform is large and positive for the productivity of labor and largely negative for other input costs, fertilizers, pesticides and land, which confirms the input composition change described above.
Concluding remarks
This paper focuses on the impacts of Agenda 2000 on a sample of Spanish COP farmers' production decisions by using an output-oriented stochastic distance function.
Given the partitioning of output into COP and the value of the set aside, the distance function permits the assessment of the reform-motivated changes on multiple outputs, inputs used, input composition and crop mix. It also permits an assessment of the impacts of the reform on farms' technical efficiency.
The results show that the reform shifted the PPF inward. The decline in production possibilities can be explained by both the decline in price supports, as well as a decline in COP output not fully compensated by the compensatory payment to withdraw land. With respect to input composition, Agenda 2000 induced a decrease in land use for COP production (which is an implicit policy objective), a decrease in fertilizers, pesticides and other inputs in favor of labor. Since farms in our sample mainly use unpaid family labor, results suggest that input composition is changing to reduce total direct costs in favor of opportunity costs. The reduction in fertilizer, pesticides and other inputs use as a result of Agenda 2000, clearly contributes positively toward the environmental goal of the reform. In addition, Agenda 2000 has had a negative impact on technical efficiency; which is compatible with reduced motivation to produce efficiently as a response to the lower rents derived from producing. The increase in inefficiency levels coupled with an increase in subsidized set aside land suggests that the reform has somewhat created and early retirement option for farmers. 1995-2003 1995-1999 2000-2003 1995-2003 Note: ***, ** and * indicate that the parameter is significant at the 1% and 5% and 10% respectively. Note: ***, ** and * indicate that the parameter is significant at the 1%, 5% and 10% respectively. 
